The map position of a mutation in the bacitracin synthetase gene(s) in Bacillus licheniformis ATCC 10716 was determined by transduction with phage SP-15. Results indicate that it is linked to the lys and trp loci and is distinct from the known sporulation loci on the chromosome of Bacillus licheniforrnis. The defect(s) of the enzyme complex were analysed in terms of its ability to bind covalently 4C-labelled amino acid precursors of the bacitracin molecule.
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* Arrows indicate that strains were constructed by SP-15 mediated transduction; the direction of the arrow is from the donor to the recipient. Transduction mixtures were plated on M1E agar (McCuen et al., 1971) with appropriate supplements added to allow recovery of transductants carrying unselected markers.
Isolation of bacitracin-negative mutant. Spores were treated with UV (survival rate 0.1 %) then diluted to appropriate concentrations and plated for single colonies on PA plates. They were transferred to fresh PA plates and spread with Micrococcusjlavus. Colonies without zones of inhibition after incubation for 24 h at 37 "C were examined further. In this way strain BLUll7 was isolated.
Assay of bacitracin. The extracellular level of bacitracin was determined according to the method of Haavik & Thomassen (1973) . Intracellular bacitracin levels were determined in cells grown for 24 h in the production medium. After centrifugation they were resuspended in distilled water, and 0.5 mg of lysozyme was then added to 1.0 ml of the suspension. After 60 min incubation at 30 "C the lysate was concentrated by lyophilization. A small quantity of ethanol was added and the extract was paper chromatographed in butanol/acetic acid/water (4 : 1 : 2, by vol.). The paper was then overlayed with M.$avus and the inhibition of growth determined. The detection limit was 0.1 IU bacitracin ml-1 (less then 0.5% of the wild-type level).
Preparation of bacitracin synthetase extract. Spores (4 x lo6) were suspended in 40 ml M20 medium. After incubation for 16 h with vigorous shaking at 37 "C, the culture was used to inoculate 1.5 1 fresh M20 medium. The cells were harvested in the middle of the exponential phase (the optical density at 650 nm was 0.4 in a 1 cm pathlength cell in a Uvikon 850 spectrophotometer), washed with 0.04 M-potassium phosphate buffer pH 7.2 containing 2 m~-MgsO, and then stored at -20 "C.
Frozen cells were thawed and lysed with lysozyme (0.5 mg ml-I); the lysate was treated with deoxyribonuclease (10 pg ml-I) and ribonuclease (20 pg ml-I). Streptomycin sulphate precipitation and ammonium sulphate fractionations were performed as described by Frrayshov & Laland (1974) . The 4349% saturated (NH,)2S04 fraction was used in the experiments.
Estimation of enzyme-bound amino acids. The reaction mixture for bacitracin synthesis of Frsyshov (1 977) was used (0.1 mg protein in a final volume of 0.1 ml) except in the case of ~-[U-~~C]glutamic acid, where the amount of dithiothreitol added was raised to 0.5 pmol. The basic procedure of Frsyshov & Laland (1974) was used with considerable modifications. The mixture was incubated for 25 min at 37 "C. The reaction was terminated by transferring the tube to an ice bath and addition of 50 p1 of the same nonlabelled amino acid (20 mg ml-I) and 1 mg of bovine serum albumin. The protein was precipitated with cold trichloracetic acid to a final concentration of 7% (w/v). After standing at 0 "-C for 30 min, precipitate was collected on a glass fibre filter (GF/C, Whatman) and washed four times with 5 ml7% TCA, once with 5 ml of ethanol/ether (1 :1, v/v) and once with 5 ml ether. The filters were dried at 50 "C, placed in 10 ml toluene containing 0.4% PPO and 0.01 % POPOP, and counted in a scintillation counter (Tracor Analytic, model 6892) . This method of assay gave reproducible results in three different experiments and representative results are given.
Transduction. Transduction was carried out according to Rogolsky (1 970) . Transductants were picked after 48 h and patched onto PA agar spread with M.$aous. Plates were scored for the Bac phenotype following overnight incubation of the plates at 37 "C. The Spo phenotype in some experiments was scored directly on M1E plates by the accumulation of brown pigment of Spo+ colonies.
Protein determination. Protein was measured by the method of Kalb & Bernlohr (1977) . Amino acid 
R E S U L T S A N D DISCUSSION
Characterization of the Bac-mutant The bacitracin-nonproducing mutant BLU 1 17 of B. lichenformis, carrying the bac-54 mutation, sporulates normally and the level of extracellular protease was the same as in the parental strain (data not shown). As shown in Table 2 this mutant fails to bind 14C-labelled amino acids covalently to the B and C subunits of bacitracin synthetase. These amino acids are lysine, ornithine, phenylalanine, histidine, asparagine and aspartic acid. The A subunit seems to be functional and, as shown by raised radioactivity counts after the addition of nonlabelled L-cysteine, the first step of polymerization (thiazoline ring formation) is complete. This is a novel type of bacitracin synthetase mutant because the bacitracin synthetase of strain SB319, isolated by Haavik & Thomassen (1973) and characterized by Haavik & Frrayshov (1975) , activates all amino acids although it does not transfer the growing peptide from subunit A to subunit B.
Genetic mapping of bac-54 and bac-319 mutations with phage SP-I5
Preliminary mapping studies showed no cotransduction of the bac-54 marker with several markers (met, arg, hisA, leu and ura) on the chromosome of B. licheniformis. However, it was cotransduced with the lys and trp loci (Table 3) . To obtain data on the linkage of the bac-54 marker to known sporulation loci of B. lichenformis (Rogolsky, 1970) we isolated the sporulation mutant BLUll6 (spo-5 lys-4). This mutant exhibits at least two of the characteristics associated with sp00 mutations -it does not produce measurable amounts of antibiotic (bacitracin) and shows much reduced synthesis of extracellular protease(s). From three-factor crosses (Table 5) it is evident that this mutation shows linkage to lys and trp loci. According to Rogolsky (1970) it may lie within (or close to) the terminal portion of the spore cluster B. The comparison of cotransduction frequencies of this mutation and the bac locus to lys and trp loci shows clear separation of these markers. In addition, we have mapped a bacitracin synthetase mutation of strain SB319 (Tables 3 and 4) . As indicated it maps at the same position as the mutation bac-54. The three-factor crosses performed (Tables 4 and 5 ) confirmed the suggested order of markers indicated from the two-factor crosses to be bac-lys-trp. Both for bac and for spa three-factor crosses, selection of the central lys+ donor marker leads to the detection of an unexpectedly rare or absent class amongst the recombinants, namely the absence of Lys+ Trp+ Bac+ recombinants in the BLU120 x BLU39 cross and the rarity of one recombinant class in BLU14 x BLU321 and BLU14 x BLUll6 crosses. Nevertheless, as the two-factor analysis from the two-and three-factor crosses give a consistent and reproducible likely gene order, and as anomaly is seen in crosses involving either bac or spo, the best interpretation of the available data is that the order of genes is spo-bac-lys-trp. A detailed map position of bac-54 and bac-319 is shown in Fig. 1 . As far as we know, this is the first example of the mapping of structural genes of peptide synthetases in the genus Bacillus. This mapping shows the distinction between spo and bac loci. 
